Express Mail Label No.: EL988153785US 

(TITLE OF THE INVENTION) 
=l-~JV (Optical module) 

CROSS-REFERENCE TO RELATED APPLICATIONS 
The present application claims the benefit of the dates of the 
earlier filed provisional application, having U.S. Provisional 
Application Number 60/413,535 filed on September 24,2002, all of 
which are incorporated herein their entirety. 

383B0>Kfft (BACKGROUND OF THE INVENTION) 
WM&ftW (Field of invention) 

Jli£ifc#1ft (Frequency Division Multiplexing : FDM) Lfc 

(Related art) 

9*-f ^^^XttT-^n^fl|*SrJa»»[#m (FDM) Lfcttte-frSreiS 

3t!7r>(> rS *t'HM& (Erbium Doped Fiber Amplifier : EDFA) ^jlffl^tt 

7 >f /^tgtfSSt (EDFA) <Diiffl^SSb-C«, E. Yoneda, etal., IEEE/JLT, 
vol.11, no. 1, pp. 128-137, 1993 \Z. S &&&&&& tlX^Z> a 
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A/jJ^lC*3V>T{*, itt»£W#^flS#< El^tlTl^o 

*t> , ±iB©tH3Mfi"C *> 2> ± 1 Onm USt * T* * toftft i&SfiX S *> 5 . 

(EDFA) 14, StS^LT^^ffl^/Sv^SV^-rAfiij^ ttlii^ 

(EDFA) <o&SlfiBBi6Si£:v^*s % r<Z)StS^giJ<D^^^< 
*-5fc#W*«J"C*>3. JEM* fflfe$tg>n (FDM) Lfc{f-5f-£, Hl-SES 

(Wavelength Division Multiplexing : WDM) LTte^-f S^i^ti^ 
t V fc , ^iBBSS (EDFA) (DW'&XL 

wv^p-y) toffisf^ffliCct^, {f^^^u^-r 
< , *r©fc«>wiffl wttBfcm *3t**ii!r«^«i»$n5 £ rasas* 

£ Lfc e r <D/£ttU K. Kikushima, IEEE/PTL, vol.3, no.10, pp.945-947, 
1991 ^H^&ti/Cl^o 

— <^>^S^*3l(4x 2 (Composite second-order distortion: CSO) 

\z.£iX3tt>-i-Z. k&X%Z> 0 ^©2^1 (CSO) iri;nf^K-^ 
3t7r>f '<i«MH!* (EDFA) (D^y^D-^, &cfcmf -^fto^-r-T* 

(EDFA) CDflJ#£ G N {T^tefcg&A., «^f^S^rX0, 
1 ^*^fc;fc9<£>^ — ^j&SifrgS: * chirp tfoM-tZb, it (1) t? 



CSO = 201og< 
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fttet%> J £X(Dm%Wr<n>>f<< >-^n-^<D^H-^i\ #£^±0. 6dB/nm^ 
T Gi&*Mi!'e 0. 6dB/nm ^T) T'fc^Ci: WT'fc^, 

fF^^ti^y-f y^n-ytli^ J; ^ ± 0. 3dB/nm (^ife 

0. 3dB/nra J£AT) T*fc5 0 

tfii>i3§ (edfa) (7)y-<^^o-^ p ^^j-r5^^$ ? ^^ > zcommx 

?£<7)-o t L "C , ^f?^ K— ^ 77^ ^<lt*S* (EDFA) Oigifigft 

(EDF) ^riiffl-r^^^fc^o rnii, ^t!JrA K— ^3t7 

(edf) T/p^^^^ (ai) sri«aiae"cai*D-rs^iiffi«H4 

111 9 tet£*<0«M^J**fflV*fc^ n-:AD*i#t£<£>-0»J LT, 

ac/Hf \?—Zf% 7 7^^11^ (EDFA) <7)^ d«- :7°Sr/h£ < 
*&*..5&fc:» Ji/Hf * A Mjt7 7^ /<*WWB (EDFA) tCT/l^^ 
A (Al) ^iliM»Lfcx/l,t^A K-7°)t77^^ (EDF) £jS 

7to^7V7°(CA^t5 lch <D FDM <f -*|- (WDM{f-*§"m& 

O^/Hf K— ~7%7t4'^W8& (EDFA) <£>y-f n — y^rfHffi 

b/tlt*t?*>So ^5 7©««ttW^P-^ (dB/nm) T*#> K> > 
«t*ft«^(nm)-Cfc5 0 

4B$ (EDFA) <Z>5pJ#«H4ttjft«ft#ttSr«F*>, J.o % 

Z<Dtc#>, ^/VW^Y—ZfytyrJ'^tifflt (EDFA) &T1my% 

'<mmm (edfa) ^A^ft-^^^-^^A^^ft^j-ctoT^t: 
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mm^n, x/ht^a K-^*7r^^«» (edfa) (DiiiiiMSif^w 

*>5-7V p — "^IcdS 0. 3dB/nm t &St&iaa s >l^£ft£o 

~<7»;xx-MC:}o^T 10dB<DA7J^^5: y * u-V^£#;i;/S:SHa\ 
HI 9 K^£;ft,T^<5 «fc 9 y>f n — ^a*** J:• : £+0.4dB/nm•- 
-0.9dB/nro *-e^(fc-r5o L*»U _LS£tf>«fc 9 7tn^j|^T 

itB^^^X^CO^x^^^X.^^, *6*MiS"e 0. 3dB/nm (D^^ilffl "I 
tg^BT*&57&^ ^T^^-C(i^ 1554~1559nm<Z>-frl v tif^ 5nm<7)®|S 

Hot, TA^ = «7-k (Al) ^ritiiSCiiP^ixtx/Hf^A 
Jt77>f^ (EDF) fcjiffl Lfci: LTt, fc5*5?3£«>A7jfi-^3t^l7 — 

L2>>U ^•C<^A7jm#^17--St) ? A7JjK^#l-*5V>T, $V 

o B Bj-Cfi, a < {6tfc)fe^:7 >f yi^^ t£ WDM T cd*iJ#^*1.44£3I51 

i"5*^g^J<b Lfc#Jf#3Nb:7^/l^ (Gain Flattening Filter : GFF) 
#fc5o wft(i> (WDM) if-^<D#StS(D^IJ#^^j— £#5 <fc 

(Fiber Brag Gratin g :FBG) ^il##ll7 /V* i?#H£ffl £ 
tLSo W&^fcyjA'* (GFF) <Z5*^lCfi, 5*$il57o77>f^ 
tt, 7C75, &ft#mflJ##t£0>i£«KM4 (#^:dB) «9 , v'^-Mtij 

5Sff3<£>^$J (SUMMARY OF THE INVENTION) 
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*HW-Ctt> */Hfl>AK-^*7T>f^HMi« (EDFA) 
SftitfiSSi:^ y^o-^ii^^^f^ (Gain Slope Compensation 
Filter :GSCF) &mfy&tr&it.X*i?=-—MZ£ A*«#3t©^' ? 

lEAfiiio^;^ r >r ^ isthfc%7 ms.*? J A? 

9 \zffl$L $ nfc mm <d % ? r << * t . &m *. & * - 
sstt^tuyt^iiffi*^^ (y>f^) ro^^p-y (dG/<u) 

#3893 /Kofi^nififlR^tt, mis^v ^^n— zfffimyt 

#«W(03t*^3.— /K7>ia©iijsteie«rt:, Suisy-f ^^n— 
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7 4JV*tf^ yn—ymzXZtf't^^v—^ (dG/dX) M#x£fflV^ 

T^tr £ titc r b ZWm b -f £ ^ ^ -/vCifc § o 

#ti>i>s3§ ^ > ^ft^ft Ksaa £ ^ - £ **** £ -r s * * ^ 
•60 

J3$t$C#jfi (Frequency Division Multiplexing: FDM) LTbfs 

ffiWLWL&M. (Frequency Division Multiplexing: FDM) b Tcim % >. 

(Wavelength Division Multiplexing: WDM) LT#ll£. 
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Kmnfr^m m ? << a- z & m v ^ s c t & #m t -r s ytm&xfe -v & „ 

mm(DlS\W3:WiW (BRIEF DESCRIPTION OF THE DRAWINGS) 

eii (fig. i) *mw<Dt?j ^xu-^mt^^^swrnnM 

02 (FIG. 2) tt, ^n-^W^^^^^-riHT'fe^o 

0 3 (a) (FIG.3A) ^§^(^^^^0—^*1.^^^-/^^ 

03 (b) (FIG.3B) it, 03 (a) {^£*l5}fcif fll^e >>3.— yKD^ 
^^^D-yjS5^tt^^-t-0trfe5 o 

0 4 (a) (FIG.4A) ft, ^5l5O3tli'l'S^«^^^^^i-«t^0T* 
ob <5<> 

0 4 (b) (FIG.4B) ft, 0 4 (a) (C^£;ft53fct|i|iS^Bc7)>?V 
p - ^S^tt £ ^i"0 -C & 5 o 

0 5(FIG.5)fi, ^n~^^-C»t±lLfc:y-r ^^n-^^^tt (Loss 
slope) ^r^-f-0-efc6 o 

0 6f2, p — ^Mfl^fc^/W* (GSCF) ©o^/n77^^ 

(Loss profile) <7)-^J$r/TtBlt*fc5 0 
0 7(FIG.7)tt % #3g^<D^V>*P-^Mf*^^-/K ^fei#*M^^ 

08 (fig. 8)i*. *%w<Dytmm*i?x.-;i'Zmmvt^ zmmmzft 

09 (FIG. 9)(i, ^aftfc57;W^->A (Al) SritSMl-^PL 
fc^/v tf £ a K-y^fe 77^f^ (EDF) SrGEffl Lfc^A- f A K-:/3t 

7T^'<mt& (EDFA) (^y^>'^P-7 o 6Ojg«#tt^^-r0-efc6o 
(DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS) 

(y-r ^ * o - yrnrn* *s =>- — yv) 

£1\ ^B^^yV^^p-^M«^^^-/K7)||«ffi«r> 01 £ 
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J?4 l/X n— -fffiMyty 4 As 9 4 (Gain Slope Compensation Filter: 
GSCF)K, A<l!l^5t7T^^2 tmW<D%yT4 %^KW$t 
Ztiti 9 J a. — yUT* *> 5 o 

Hi^m^RMi"*^, * 7o^(c, y^C :/;*CI-7 p ^^tM^fc:7'^v^ 
* (GSCF) 4i:, Afl!l=» U 5 t. mM=^ V ^ —9 6 t^mU^tl 
T*5 0 % y-f ci -^1^7^ tV9 (GSCF) 4 AlRiJ 

5 y * eoraKEifiSfLTi^. a«= y ^— ^ ste, =» 

y ^— ^ i/yX5 a £ 5 b „ Vl/XfrjV9 5 c 7?fi^5c£ tl/<5<> 

*fc,fflffi!l = wyX6 a t?*/V— /V6 

b telSJS^trCSSt) , 3€l-7^/^— b ft, 3 y 9 5 SriiilUfc 

y ^— ^ i/yX6 a fiot^T^ 3 c7)^ffi(cAlt 

/<2b=iV *-9vz/X5 a, 43 J: tfttlifflo 7 r-r^ 3 £ =» y * 

5 a (7i/>-/W6b^^-;?l/yX6a) Lt «fc V > 

£45i££ft> A{B!l=« y 9 5frb#'(>'X*—7°tiMMf7 4 *9 
(GSCF) 4^Att£ft5o y>r^P-^*l«3t7>f/^ (GSCF) 4 Sr 

6^f^*3V>T{i, ¥4^**~--7ffi'&%7 4tV9 (GSCF) 4(Cio 
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frsprntztixi^Zo (i) XTFZtizxoiz. cso *mm 

-©^^o-^iM^^/w^ (gscf) 4itt(t f-^—zfcn 

tctt, y>f^n-y^3t7^/W^ (GSCF) 4i:LT, ^«##Jflgl 

1 0 0 0 /imaS^t>CO<STs SJl^^T-f^^^^— X-f ^£ffcbTl> 

SJHSIKPfcWfcK <b^¥*&&^ ^*n— 7" (dGAU) ^r#6^^^ s "C 
£5 0 Sfc, GSCF T 4 '*±\Zf& 

te*sv*-c, ^ (dG/d^) ©TOflsa^iBfcfcs £ oftyt7 

^o-7'ii)fe7^/^ (GSCF) W^H-Tjfe) 
r©^^n-7°ii)t7^;^ (GSCF) O^ffTJ&CO^JS 

K — 73t7 7^^«ISIS (EDFA) Sr^ffli-S^t-oV-CBiM-t" 

So 

(i) p — zfomfe 

j-^—7'*n^\t J ilr%*=^^WJ» 7 4 '^m^fc (EDFA) 

iZ.ATJ-rZ>m&. ^K*7J»h*-7°ft7 7 4'<mm& (EDFA) <z>j&8fj* 

mfrmsUmX&Ztc#>, x;H^'7^K-7°)t7 7^^ (EDF) 

^^#tt$tti"«*3t» s P*&tfiS^J:9**6o -75\ 
J; 9 ^W'fffi^^fflV^-S Z.kizX'O ^ ff4>7o—7 (dG/dX) £$J^-T 



9 



T-^-p^-fg-g-Sr^-f S^O^#^^UV>iftS<Df&#Sr Locked 

Inversion Signal ^tUiStU ttMOittffttttttfti 

Sr&ffS^tV^SAroteV^flr *3te/"«l7 — 4: Probe Signal 
Locked Inversion Signal £ Probe Signal £ ©^17— 1"</W©M 
Probe Signal ^ Locked Inversion Signal ^>tfU, *3 20dB 

Zfrb 20<D\$%-&**— ioyfv (Star Coupler) U 

Locked Inversion Signal te^l-^ ^ V Tin f§r*m$L%z£M 

(fdm) vtzm^zm^zm^x-ibzfrb. ^h^m^^.^ 

Probe Signal {^©jfiig© LI (Locked Inversion) Gain Srfrflfi 
i~6^f-^©^> Locked Inversion Signal Sr* <L4£±$: nm ©MPS 

5te^i&BJ bfc Locked Inversion Signal t Probe Signal ©£■$& 

tstitcAtjm^z^wj* r << (edfa) ka 

t}-$-%> 0 -© Probe Signal 7°£-t^ Locked Inversion 

Signal £ Lfc r t K X o T^fife £ frfcRG^WfrtttR^T 5 
$t:S:#c#LI Gain£> Probe Signal **b5t (2) £rffll N T5fc#><5o 



L/ (wu>- ^^y**** [dB] 

5£ (2) 

LI GainU) : #jfiSt-*3^5 LI Gain (dB) 

Pin , prbU) : ^-J&ftlC&ttS Probe flT#^!7— (dB) 

Pout, prbU) : #«ES(C*3ttSW73 Probe fit^»7— (dB) 
Pase, prbU) : #«E£fcl*3 5 :7* * -"?*#;© ASE(Amplif ied 

Spontaneous Emission) /^!7 — (dB) 



(2) ¥4 is* P-^jfi#ttro»ffl 
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ffc:dB/nm) <Big#tt«r3*tttf-£o r.©^ 

X) <DMW J &X*foZ)V (Loss slope) £#5o 

~ ^^7<D!SI$4fin^^.P— 7" (dB/nm) $t 

(nm) £^-To (Loss slope) tt^A- 

tf^AK-^*7T>f^iSB» (EDFA) O^^o-T' (dG/d 

a,) &*tflrrsfc0>&<0"^ -^^^si!*^*^^^^ 13 ^"^ 

JjHRft^-f/l'* (GSCF) ^n77^^^t5, 

gtttt, y>f^B«-5Tt«*7-f/U^ (GSCF)^0 

p^a77>(^ (Loss Profile) <£>— 0fl&*M"o 7 
WiiliP^7 Pp 77'f^ (dB) Sr^U ^tfite&S (nm) £r 

j5:*5, : ©/0-^ii y^r^P— (aG/a*) wMfcfrfefc 

iao-ic*^^J:o-C**fc^. fri^^V^^-^ (dG/dX) 

« < iSM-C # -5 ?r ffl ^ ^ ^ v 

*»W-Ctt, 2»S (CSO) Sr^jei-S^^^n-^ (dG/d A.) <?> 

«*W*«r«Wfb-c, *n«r*t«-*-*^^ tJ - :/ (dG/aA,) 

*7 7>f/<i«» (EDFA) ^:i^^o ^oX, ±«*r*W&-t- 

fcfc ^ilSi Ltx/Hf !>A K-7-)t77^^iite^ (EDFA) £ 
fflV\ ko^/Vt^i. K-^^T-r^if'l'I^ (EDFA) III, ±J6«>*«fe 

(EDFA) W^y7,n-7° (dG/d A,) Sr/h$ <«l^.5** s ^rtB"e«>S. 
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ftoT.-y-r i'**— :/ffi«#;7>f/i'* (gscf) zmm-rz^t^z t>, 

lX(i2W±Oi!(Oic©^ y^n-^i«*7^^^ (GSCF)£M 

ffl V * 2 ^ig*6 (D ftiftg * ^ » — * % £ 5 o 

(a) IH^U ZCD&W-I ^Xv—Zf UG/dX) (D$i-g:%f&*m3 (b) 

(gscm) mh®&toizftmx*%z&mx*hzytmm<Dikr^ ^%<o 

l®B<0)tii9*S«(lst stage) £ 2 £fc S <Z>3tif"B* (2nd stage) (Dffil- WL 

t*>6AA y>r^o— TTtflt*^*-^ (GSCM) <Sr, 3tii"te*^» 

-;KDA^^ (1 (1st stage) CD A^ft'J) * ^L<tt3t*B 

/KZ>t±i^«l (2SBW3t*BB«(2nd stage) <D0U^I{RIJ) K» 

iter t t>pf^T'*>9> y-f :?©¥affcfc*H"S2**<>#k* L 

-So 

y^/V? (GSCF) OtR^^rL, 1 l£ @ ©3tJtffi*(lst stage) (Dm^fm 
m. (Noise Figure) ^NF P 2 J£ g <0*ii*BSS(2nd stage) O^^fg 
$c£NF 2 , ^ 1 S: B jtltiBSKlst stage) O^IJ^t^G! b^TSt, % 

NF total = L + NF, + NF/G, 

(2) 1 J£@<£>3fe*|i|ig^(lst stage) £ 2l£@ <Dfti#i|fgSg(2nd stage) <D 
ri^iLfcl^ (El 3 (a) ©i^) 
NF total =NF X + NF 2 / (G.-L) 

p— y°^m%y -i ^9 (GSCF) # i |£@ Oft (1st 

stage) (DAfiWimmtsntcm&iax.m&Litm^k vx&±-rz>&. 
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t^oT, 1®B 03t*i"IB«(lst stage) t 2S@ <75 5tHlte* (2nd 

stage) (Dm^nmvit (2) ant^ci*, A^araitfc (i) <nm 

GSCFCD}fl£L&3 dB, }feiti|>l2£<£>flJ#G 1 £ 2 0 d B t ~T Z> t . (l) 

(Dm&<ntta%^&£V (2) <d^<d^^-js«*^g i*s*« 

tC^^V^fc*#ti$n, (1) £ (2) <£>NF t0t8l ©fft (1) 

U (2) (1) O^^^T, »*L<D#^mtte<^» 

lii6Tt5^> 2^gW^;tiiliS^(2nd stage) -Ci^-r 5 tf* "TIE T* 

&V^S, y^^*P-^*§«ft7^A'* (GSCF) <D*i£cL^ 

^^rim^^t-^J^r^ - ^ t . l«B0>ft*i«3&(lst stage) £ 2 gfc S <z>3t 

««W(2nd stage) 0>|HKttftlfc < 2) *>»*W»-»ffl^ 

fcfcU ffiiiMio-tte, (1) ^ (3) (DSHS^jifflbfc^igb 

y>T^a-y*t«3t7>f/W^ (GSCF) Sr3SffiL*V^3fe03t 

£1\ ^itfcS^ y ^ p-/if ^7 ^ (gscf) &mm 
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20nm t&&Z4m(Dm&ttmX'&Wj:W}tfFftmk'?% Z>^t *SfltB"C# 

§1 (EDFA) £fiJffiLfcft^v^-/w£&9±tfT^S^ ittl&ttte 

it*I^t> C-band fcfiR5£LftV\, «ttf, tlWi: Ltli, 
h^f^^tC Tellurite Wt, Fluoride Silica ^fcif&fflvyfcflfc, 

fcr*2», tvH?£A, *^?A&£*£^v^c^, EDFA i I^MUcDJSb 

&m&xm^ytzmm^%ytmmmxhtiimm-*imx&z> 0 hk, * 
(mmm i ) 

^*/KZ>J3Jfc|fc#l[ (F DM) feil^fAffc^ yZf7m<D% 

$ (EDFA1-EDFA3) (c£oT, #H£{C «fc LT^ 
5 0 (EDFA1~EDFA3) ©V^i*jx*>Xtt^-C<Z)rtSU 

(mmm 2 ) 
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a h~—zfyt yy^^mmm (edfa) ^v^n-c^s. wz.&. catv*- 

^ h*—Zf%-7 T 4 *m&& (EDFA) ^i^tT^>tff^^b> &m 

#*> b %s <d m <d&m * m y -r >- * * - -7mm * ^ ^ - /w % k 

7 7 (EDFA) ^y^^^D-^M^v 5 ^-/^*!^^^ 

ffigg (EDFA) fc©^^P— ^«H*as»ff|BI— »J1*536\ t>U<f4^ 
liiot, ^y^o-^iijt7^;^ (GSCF) OiJfr«H4Sr#S ^ 

e>©*Sfe©rt/Hf K— ~7%-7T<< (EDFA) <D?4>Xu — 

7 p *&0tft:7-f/i'* (GSCF) <£>y^f v^n— ^iS*«KH4S:*|*f biftti- 

$tm&M\Z.WLW^X , **fcttt£$ , 'f V-Xo-:/ (dGAU) ^TO-fk-T^) 
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^^AK*iffiJlrt"C*>tLti, JH#B#«>a»4, 1 ~n (nfiffiBfc) 

£tcJ:?K i/Hf^AK-^^r^^ltffllS (EDFA) Z&Cfrb-tZ 

IB^^a— /K^iafflSrlftW fflfcm&M (F DM) bfdf 

MK, (WDM) UT^i--6*&^l-*3V>-Ct>, i&mW* 

<fo<5o 

ffj^xu—y (dG/dX) fr¥-®.X*?£< it, yj^Xu—T' (dG/dX) 
*»x.S^i:dS-c#So Uft»U (WDM) flijx. 

« 2 o©s*5»soffi %-yt*mm-rzm&z%*-z> t > jae^* 1 o 

(dG/dX) tttt5^if^5 0 ffiot, y^^^o— ^*l«3t 

(gscf) ^m^^^m^tftmmmmx^ m^m^m (fd 

M) fe%%<T>&3&?L (WDM) giS^^AteSSttSftllMBW:* §W 

— 7" (dG/dX) ttspa-e*>5^T? % ±1E0>fH]gtt38£*1" , Ji&2& 
(F DM) fS-^3t«>&S#fi (WDM) MZ.-&\iZ> 3 )titk 
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